Introduction
Vascular complications, including hemorrhage, pseudoaneurysm formation, and venous thrombosis, are infrequent but serious sequelae of acute pancreatitis (AP) [1, 2] . Severe local inflammation and enzyme activation in patients with AP can result in arterial wall erosion, leading to acute arterial rupture or to pseudoaneurysm formation with subsequent rupture. Arterial bleeding is the main cause of death in patients with AP, accounting for more than 50% of AP-related mortality [3] .
Emergency intervention is necessary in patients with symptoms of arterial bleeding. Early surgical hemostasis has not been recommended because of high mortality caused by severe postoperative infection and high rebleeding rates resulting from iatrogenic arterial injury [4] . In these cases, urgent endo vascular embolization is generally considered the first-line treatment to manage bleeding, based on its high success rate and low mortality [5, 6] .
Acute pancreatitis can be classified into three types: mild, moderately severe, and severe AP (SAP) [7] . Mortality and complication rates are highest among patients with SAP, which is characterized by persistent organ failure affecting one or more organ systems and lasting > 48 h [7] . Although the use of embolization to control arterial bleeding in patients with AP has been well evaluated, information on treatment in patients with SAP is scarce. Given the specificity and severity of SAP, the clinical manifestations of arterial bleeding in patients with SAP may differ from those in patients with other types of AP. If confirmed, these differences would be important clinical considerations in treatment.
Aim
The aim of this study is to investigate the role of digital subtraction angiography (DSA) and endovascular embolization in the management of arterial bleeding in SAP patients.
Material and methods
Seventy-six patients were admitted to our hospital with SAP between January 2010 and May 2016 and underwent emergency DSA to screen for arterial bleeding. DSA revealed arterial bleeding in 22 of these patients, who were then treated with endovascular embolization. Because this was a retrospective study, ethical approval from our institution was not required. Informed consent for DSA was obtained from each patient and recorded in the electronic medical record during hospitalization. Data on patient demographics, angiographic features of arterial abnormalities, and outcomes of embolization were collected from the medical records.
Percutaneous puncture of the right common femoral artery was performed by an interventional physician. After placement of a 5-French (Fr) sheath (Terumo Corporation, Japan) in the right common femoral artery, the celiac trunk, superior mesenteric artery (SMA), and inferior mesenteric artery (IMA) were catheterized with a 5-Fr angiographic catheter (RH catheter; Cook, USA) for angiographic localization of the bleeding artery.
If angiography showed contrast agent leakage from an artery, we immediately inserted a 2.6-Fr microcatheter (Stride microcatheter; Asahi Corporation, Japan) into a branch vessel of the affected artery, and then repeated angiography to evaluate possible rupture of the affected artery. When angiography clearly demonstrated arterial rupture and bleeding, an appropriate volume of gelfoam particles (Xiangen Medical Technology, China) was immediately injected through the 2.6-Fr microcatheter to embolize the affected vessel until the contrast agent showed "return to flow", at which time embolization was stopped. If complete embolization was difficult to achieve with gelfoam particles, a microcoil (Cook, USA) was used for embolization.
Results
The average age of the 76 patients was 46 years. Most patients were male (54/76; 71.05%). Biliary pancreatitis was the main type of AP (39/76; 51.3%); other etiologies included hyperlipemia (25/76; 32.9%), alcohol intake (7/76; 9.2%), pregnancy (1/76; 1.3%), trauma (1/76; 1.3%), and undetermined (3/76; 3.9%). At the time of SAP diagnosis, the average serum amylase was 257 U/l and serum lipase was 875 U/l. The most common presenting complaint was acute abdominal pain (32/76; 42.1%). Patients' demographic and clinical data are listed in Table I .
The angiographic findings are listed in Table II . Vascular complications were categorized into three types: intra-abdominal visceral arterial hemorrhage, pseudoaneurysm, and venous thrombosis. In our patients, the distribution of these complications was 28.9% (22/76), 14.5% (11/76), and 25.0% (19/76), respectively.
Among the 22 patients with arterial hemorrhage, there were 27 bleeding arteries, predominantly the splenic artery (11/27; 40.7%), followed by the SMA (4/27; 14.8%), the gastroduodenal artery (4/27; 14.8%), the IMA (3/27; 11.1%), the pancreaticoduodenal artery (2/27; 7.4%), the left hepatic artery (1/27; 3.7%), the right hepatic artery (1/27; 3.7%), and the right inferior phrenic artery (1/27; 3.7%). Table III shows the results of embolization procedures. A total of 27 endovascular embolization procedures were performed in 22 patients; 5 patients underwent two rounds of treatment. Endovascular embolization was performed with coils and/or gelfoam particles in all patients (Photo 1). The embolization success rate was 96.3% (26/27); one embolization failed. One patient (1/22; 4.5%) developed a hepatic abscess and one (1/22; 4.5%) developed a splenic abscess (Photo 2). These patients were treated with prolonged drainage and anti-infection measures, and ultimately recovered. Two patients (2/22, 9.1%) developed splenic infarction and recovered with conservative treatment.
Arterial bleeding occurred in the 22 patients after a mean of 56 days from the initial onset of SAP. Five patients (5/22; 22.7%) experienced recurrent bleeding, which occurred on days 30, 20, 10, 13, and 118, respectively, after the first angiography. The mean interval until rebleeding was 38 days. Among rebleeding patients, four patients develop arterial bleeding from a site different from that at the initial angiogram.
Discussion
There are two phases in the course of SAP: early and late. The early phase usually lasts for the first week after admission and the late phase can extend for weeks or months. SAP patients often develop local complications during the late phase, including acute peripancreatic fluid collection, pancreatic pseudocyst, acute necrotic collection, and walled-off necrosis [8] . Corrosive infectious fluids contained in these local lesions can damage arterial walls and raise the arterial bleeding risk in patients; therefore, long-term monitoring for local complications is necessary [3, 9, 10] . Local complications can be confirmed by their characteristic manifestations on contrast-enhanced computed tomography (CECT) [7] . In our group of patients, CECT was performed repeatedly during hospitalization to assess SAP disease progression. When patients with SAP showed clinical signs of potentially fatal arterial bleeding, such as drainage-tube bleeding, hematemesis, or a sharp decline in hemoglobin, we performed emergency DSA. The bleeding rate in AP ranges from 1.2% to 14.5% [2] ; however, data on bleeding rates for SAP are lacking. The frequency of bleeding among patients admitted with SAP was 28.9% in the present study, which is markedly higher than the rate among patients with other forms of AP. This difference may be attributed to two factors. First, corrosive infectious fluids in later-phase SAP make patients more vulnerable to infection and sepsis, which can cause hyperfibrinolysis and subsequent hemorrhage [11] . Second, the high rate of hemorrhagic complications in our patients may have resulted from associated coag- What is the optimal treatment protocol to resolve arterial bleeding in patients with SAP? It is widely accepted that early surgical intervention markedly increases both mortality and rebleeding rates [12] [13] [14] [15] . Endovascular embolization is generally considered the preferred approach to managing hemorrhage in AP patients [5, 16, 17] . Kim et al. [6] reported the following distribution of affected arteries in patients with pancreatitis: the splenic artery in 34.8% of cases, the gastric artery in 17.4%, the pancreaticoduodenal artery in 17.3%, the gastroduodenal artery in 15.2%, and others (SMA, jejunal, colic, inferior phrenic, and hepatic arteries) in 2.2% to 4.3%. Splenic artery involvement was also predominant in our study (40.7%); however, the rates of SMA (14.8%) and IMA (11.1%) involvement were higher and that of the pancreaticoduodenal artery (7.4%) was lower than previously reported [6] . Our results suggest that without early angiographic localization, a related affected artery may be missed at surgery. Hepatic and phrenic artery involvement, which occurred in our patients, is rarely reported in SAP but may be related to the diffusion of inflammatory mediators and activated pancreatic enzymes.
Arterial bleeding usually occurs in the later phase of SAP (> 7 days) [18, 19] . In our patients, angiographic diagnosis of arterial bleeding occurred at a mean of 56 days after the initial onset of SAP. This time point may be a useful guide for clinicians to evaluate the possibility of potentially fatal arterial bleeding and treat it accordingly.
The reported success rate of angiographic embolization ranges from 79% to 100% [20, 21] . In our series, the technical success rate was 96.3%. As pancreatic enzymes corrode the arterial wall, peripancreatic arteries become susceptible to external stimulation in patients with SAP. Embolization failed in one patient because the affected vessel became spastic in response to repeated microcatheter insertion, which illustrates the need for gentle interventional operations. Two patients died of hemorrhagic shock and one of brain stem infarction. All three deaths reflect coagulation system dysfunction in SAP. None of the deaths was related to the embolization procedure.
Complications after embolization are infrequent [6] . Splenic infarction is of little clinical significance and typically resolves spontaneously or with conservative treatment [22] . However, visceral abscesses are a serious complication of embolization. One (4.5%) patient in our study developed a hepatic abscess with embolization of the left hepatic artery. This patient and another with splenic abscess were treated with prolonged drainage and anti-infection measures, and ultimately recovered.
Rebleeding after embolization increases the difficulty of treating patients with SAP. Reported rebleeding rates range from 0% to 11% [23] [24] [25] [26] ; the rebleeding rate in the present study was 22.7%, which is markedly higher than reported rates. Local infected fluid collection is the most common risk factor for arterial bleeding and is more common in SAP than in other types of AP [3, 9, 10] , which explains why rebleeding is more common among patients with SAP. Minimally invasive drainage of peripancreatic infectious liquid has been an effective means of preventing bleeding recurrence after embolization [27, 28] . Necrosectomy may also be performed when necessary. However, because postoperative mortality is high after necrosectomy, the procedure should be postponed until 1 month after hospital admission, when a clear boundary has formed between infectious liquid and normal tissue. At that point, the risk of inflammatory diffusion and postoperative sepsis is markedly lower than at earlier disease stages [29] . In our study, five recurrences occurred within 4 months (mean: 38 days) after initial embolization, indicating that this critical time period may be important in patient follow-up. However, more data are needed to confirm this finding.
This study had three main limitations. First, this was a nonrandomized retrospective study; its retrospective nature may have resulted in a lower reported incidence of hemorrhage than the actual incidence. Second, the study included only patients who underwent embolization with coils and/or gelfoam particles. A controlled study that includes other types of embolic agents is needed. Finally, the relatively small number of patients in this study may limit the generalizability of our findings; more cases are needed to confirm our findings. Nevertheless, to our knowledge, this is the largest reported series of patients with SAP to date.
